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Objectives. The aims of this study were to quantify the metallic ions released by various
dental alloys subjected to a continuous ﬂow of saliva and to estimate the nutritional and
toxicological implications of such a release.
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Methods. Four pieces of three nickel-based, one noble, one high-noble and two
copper–aluminum alloys were cast and then immersed in a continuous ﬂow of artiﬁcial
saliva for 15 days. To simulate three meals a day, casts were subjected to thrice-daily
episodes, lasting 30min each and consisting of pH decreases and salinity increases. After
15 days, the metallic ions in the artiﬁcial saliva were analyzed. Data were expressed as aver-
aged release rate: g/cm2/day of ion released for each alloy. The highest value of 95% Cl of
each ion was adapted to a hypothetical worst scenario of a subject with 100 cm2 of exposed
metal surface. The results were compared with the tolerable upper daily intake level of each
ion.
Results. The copper–aluminum alloys released copper, aluminum, nickel, manganese and
iron. The nickel-based alloys essentially released nickel and chromium,while the beryllium-
containing alloy released beryllium and signiﬁcantly more nickel. The noble and high-noble
alloys were very resistant to corrosion. The amount of ions released remained far below the
upper tolerable intake level, with the exception of nickel, released by beryllium-containing
nickel-based alloy, whose levels approach 50% of this threshold.
Signiﬁcance. The daily amount of ions released seems to be far below the tolerable upper
intake levels for each ion.
© 2005 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.
. Introduction
here are currently hundreds of alloys available for
rosthodontic restorations. The major factors affecting
lloy selection are economics, physical properties, casting
echnique, corrosion and biocompatibility [1,2]. In recent
ears, there has been increasing concern about the adverse
∗ Corresponding author at: Facultat d’Odoontologia, Universitat de Barcelona, Campus de Bellvitge, C/ Feixa Llarga s/n, 08907 Barcelona,
’Hospitalet de Llobregat, Spain. Tel.: +34 934035555; fax: +34 934035558.
E-mail address: jmartinezgomis@ub.edu (J. Martinez-Gomis).
effects, both local and systemic, of prosthodontic alloys [3,4].
These adverse effects can be toxic or allergic and are linked
to ion release in the organism, as well as to the kind of
ions released [5–7]. However, as some elements are essential
nutrients involved in biological functions, a minimum daily
intake is needed. The tolerable upper intake level is the
highest daily nutrient intake, from food plus other sources
109-5641/$ – see front matter © 2005 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.
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of supply, which can be safely ingested by the vast majority14
of individuals without posing any adverse health effects [8].15
Given that prosthodontic restorations are a supply source for16
metal ions, the amount of ion released must be below the17
tolerable upper intake level.18
Ion release from dental alloys has been evaluated mainly19
by in vitro studies, in which the alloy is subjected to different20
settings: oral bacteria [9], galvanism [10], electrolyte bath [11],21
oral proteins [12], different pH levels [13] and brushing with22
toothpaste [14]. In general, the most frequently used method23
for monitoring the number of elements released from casting24
dental alloys is a static system. However, to mimic the in vivo25
setting of the oral cavity more closely, a continuous ﬂow sys-26
tem has been employed for studying the ﬂuoride release of27
glass-ionomer materials [15,16].28
The aims of this studywere: (1) to identify and quantify the29
different ions released by various dental alloys subjected to a30
continuous ﬂow of saliva, thereby reproducing certain in vivo31
conditions, such as the constant ﬂow of saliva and the sudden32
changes in pH and salinity that occur during meals and (2)33
to compare the number of ions released over time with the34
tolerable upper intake level of minerals.35
2. Materials and methods
Five current prosthodontic alloys were chosen: three nickel-36
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Fig. 1 – Overall view of the peristaltic bomb, the corrosion
recipients and the collection containers.
acetic acid (termed meal saliva) for 30min. “Base saliva” 70
was a solution of Fusayama Meyer artiﬁcial saliva [17], con- 71
taining 0.4 g/LNaCl, 0.4 g/LKCl, 0.69 g/L NaH2PO4·H2O, 0.79 g/L 72
CaCl2·2H2O and 1g/L urea. “Meal saliva” consisted of modi- 73
ﬁed Fusayama Meyer artiﬁcial saliva, supplemented by 9g/L 74
of sodium chloride and 0.1N acetic acid to attain pH 4. These 75
changes were made because most foods are eaten with NaCl 76
supplement and dental plaque pH decreases to approximately 77
5.5 for 30min after each meal [18]. Acidity can also be reached 78
through acidic drink or regurgitation [19]. The metal pieces 79
were arranged vertically in corrosion recipients, alternating 80
right and left, so that the saliva ﬂow was forced to zigzag 81
between them, therebybathing the entiremetal surface. Saliva 82
exiting the corrosion recipients was collected in 250 cm3 pre- 83
cipitate glasses coveredwith paraﬁlm to avoid contamination. 84
The entire circuit was prepared to prevent the saliva com- 85
ing into contact with metals other than the experimental 86
alloys. Artiﬁcial saliva solutions were, therefore, kept in plas- 87
tic bottles, the electrical valve was made entirely of Teﬂon, 88
and the tubes through which the saliva passed were made of 89
silicon, and were connected to the electrical valve by plastic 90
brackets. All connections between the silicon tubes, as well 91
as those between the silicon tubes and the plastic recipients, 92
were made watertight by means of silicone rubber glue (Rho- 93
dia CAF3®, Rhoˆne Poulenc). The metal pieces were stuck to 94
the ﬂoor, the lateral wall and the lid of the plastic recipient 95
were stuck with silicon, and the lid of the plastic recipient 96
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based alloys, Will-Ceram Litecast® (Williams Dental, USA),
Litecast B® (Williams Dental, USA) and Nibon® (Ventura,
Spain); one noble alloy, Cerapall 6® (Metalor, Switzerland)
and one high-noble alloy, Pontor 4CF® (Metalor, Switzerland).
In addition, two copper–aluminum alloys, Orcast® (Ventura,
Madespa, Spain) and NPG® (Aalbadent, USA), were selected as
positive controls due to their highly corrosive properties. Their
composition was veriﬁed by semi-quantitative analysis using
X-ray diffraction, which indicates the presence of elements in
a proportion greater than 1% (Table 1).
For each alloy, 20 rectangular pieces of 1.3 cm×2.6 cm×
0.04 cm wax (Technowax®, Protechno, Vilamalla, Spain) were
placed in 4 cylinders and then castwith aDucatron® induction
casting machine (Ugin Dentaire, Grenoble, France), following
the manufacturer’s instructions. All casts were subjected to a
standardized polishing procedure to obtain a glossy surface
with similar average roughness values, which ranged from
0.2 to 0.4m analyzed by Proﬁlometry (Perthometer M4P®,
Perthen, Germany). The casts were subsequently put into
individual plastic corrosion recipients of 3 cm×3 cm×1.5 cm,
each containing ﬁve pieces of the same cast. Thus, each recip-
ient presented a metal surface of 33.8 cm2. Casts were then
immersed in a constant ﬂow of artiﬁcial saliva (named base
saliva) for 15 days bymeans of a peristaltic bomb (WatsonMar-
low 302S, 55 rpm). This permitted the artiﬁcial saliva to run
through the recipients (Fig. 1), regulating a ﬂow of 2.7mL/h,
which corresponds to 10% of real base saliva secretion. More-
over, the casts were subjected to thrice-daily episodes of pH
decrease and salinity increase to mimic the changes that
occur during meals. This was achieved by means of an elec-
trical valve (Asco Angar®) connected to a time programmer
that cut off the base saliva ﬂow every 7h and gave way to
modiﬁed saliva, with the addition of sodium chloride andDENTAL 836 1–6
was stuck to the recipient with an adhesive of rigid plastics
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Table 1 – Semi-quantitative analysis of the composition (wt%) of each alloy
Alloy Ni Cr Mo Al Si Sn Be Pd Au Ag In Ga Zn Cu Mn Fe
WC-Litecast 70.6 15.2 13.0 1
Litecast B Nickel-based 78.9 12.0 3.5 4.3 1.7
Nibon 63.2 18.2 7.1 5.5 3.6
Cerapall 6 Noble 75.0 6.1 6.4 5.9 6.0
Pontor 4CF High-noble 8.7 64.3 20.3 3.7 1.0
Orcast
Copper–aluminum
4.6 10.6 83.0 1.5
NPG 3.6 8.7 3.0 80.9 1.5 2.1
Bold-face elements show the main component of each alloy.
(Plasticceys®). The entire tubing circuitry, the corrosion recip-98
ients, the precipitate glasses and the collection bottles were99
ﬁrst washed with 5% nitric acid for 1h to eliminate any metal100
presence. They were then rinsed with distilled water, and101
ﬁnally with ultrapure water Milli Q. In addition, saliva from102
the ﬁrst 3h was rejected to attain a perfect cleansing of all103
circuitry. Each time the corrosion recipients were changed, all104
the tubing was also replaced.105
As the peristaltic bomb had 10 outlets, 7 plastic recipients106
were connected, each with a different alloy, with the remain-107
ing 3 used as blanks as follows: two were connected to plastic108
recipients containing silicon and Plasticceys® but no metal,109
and the third was connected directly to the collection bottle.110
Saliva was collected daily, with 1% nitric acid added to avoid111
ion precipitation, and poured into a glass bottle.112
After 15 days, the saliva collected from each circuit was113
vortexed and 10mL were sampled. The presence of metal-114
lic ions was analyzed in ppb (ng/mL) by inductively coupled115
plasma mass spectrometry. The analytical detection limits116
under these conditions were all below 0.04g/mL. All ele-117
ments constituting the alloys were analyzed. The artiﬁcial118
saliva solutions were also analyzed prior to use.119
Datawere expressed as the averaged release rate: themean120
micrograms of ion released per square centimeter of alloy121
per day, and the 95% conﬁdence interval (CI) for the mean122
was also calculated. Anon-parametric Kruskal–Wallis testwas123
used to determine signiﬁcant differences between groups in124
t125
A126
r127
w128
T129
mately 100 cm2. The results of multiplying the maximum 95% 130
CI value for the average release rate of each ion by 100 were 131
compared with the tolerable upper daily intake level of each 132
ion. 133
3. Results
Themean of the artiﬁcial saliva collected for each group at the 134
end of the 15 days ranged from 696 to 915mL, and no signiﬁ- 135
cant differences were found. 136
Silica was found in similar proportions in all circuits origi- 137
nating in the silicon tubes, as well as from silicon used to stick 138
the metal pieces. 139
The number of metallic ions released per surface unit 140
per day is shown in Table 2. The Ni-based alloys essentially 141
released nickel and chromium, but with signiﬁcant differ- 142
ences between them: the alloy containing beryllium (Litecast 143
B®) released 7 times more ions, mainly nickel, than Will- 144
Ceram Litecast®, and 100 times more ions than Nibon® and 145
moreover, released beryllium. The noble and high-noble alloys 146
proved very resistant to corrosion. The copper–aluminum 147
alloys released mainly copper, iron, aluminum and nickel. 148
The highest values of the 95% conﬁdence interval for the 149
ions most released from those alloys tested adapted to the 150
hypothetical worst scenario with a subject having all 32 teeth 151
covered by full metal crowns, and the tolerable upper and ade- 152
quate daily intake levels of each ion are shown in Table 3. 153
154
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he volume of artiﬁcial saliva collected at the end of 15 days.
p-value<0.05 was considered signiﬁcant. The quantities
eleased were adapted to a ‘hypothetical worst scenario’ in
hich a subject had all 32 teeth covered by full metal crowns.
his would represent an exposed metal surface of approxi-
Table 2 – Mean (95% CI) of averaged release rate of metallic
Nickel-based
WC-Litecast Litecast B Nibon
Ni 0.668 (0.55:0.79) 4.693 (4.17:5.22) 0.042 (0.03:0.05)
Cr 0.024 (0.02:0.03) 0.014 (0:0.04)
Al 0.025 (0:0.07) 0.048 (0:0.14) 0.042 (0:0.12)
Be 0.363 (0.31:0.41)
Cu
Mn
Fe
Zn 0.020 (0:0.06) 0.006 (0:0.02)
Mo 0.076 (0:0.21)DENTAL 836 1–6
The hypothetical values were far below the upper tolera-
ble intake level for each ion, with the exception of nickel,
released by the beryllium-containing nickel-based alloy Lite-
cast B®, which gave levels that reached nearly 50% of this
threshold.
ents in g/cm2/day
Noble High-noble Copper–aluminum
rapall 6 Pontor 4CF Orcast NPG
0.090 (0.07:0.11) 0.110 (0.09:0.13)
0.141 (0.05:0.23) 0.161 (0.14:0.18)
0.050 (0.01:0.09) 0.364 (0.26:0.47)
0.063 (0.06:0.06)
0.182 (0.12:0.25) 0.169 (0.02:0.32)
07 (0:0.02) 0.027 (0:0.08) 0.029 (0:0.08) 0.053 (0.05:0.06)
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Table 3 – Comparison between the highest values of the 95% conﬁdence interval for the ions most released from those
alloys tested, the maximum daily release in a hypothetical subject with 32 full crowns, and the dietary reference intakes
Alloy Results Dietary reference intakes
Highest value
of 95% CI
(g/cm2/day)
Maximum daily
release in a worst
scenario (g/day)
Adequate
intake (g/day)
Upper
tolerable level
(g/day)
Functions
Ni Litecast B 5.22 522 Unknown 1000 No clear biological function in
humans
Cr Litecast B 0.04 4 20–45 Unknown Helps to maintain normal
blood glucose levels
Al Orcast 0.23 23 See text See text
Be Litecast B 0.41 41 See text See text
Cu NPG 0.47 47 900–1300 10000 Component of enzymes in iron
metabolism
Mn NPG 0.06 6 1800–2600 11000 Involved in the formation of
bone, as well as in enzymes
involved in amino acid,
cholesterol and carbohydrate
metabolism
Fe NPG 0.32 32 8000–27000 45000 Component of hemoglobin and
numerous enzymes
Zn Pontor 4CF/Orcast 0.08 8 8000–12000 40000 Component of multiple
enzymes and proteins.
Regulation of gene expression
Mo WC-Litecast 0.21 21 45–50 2000 Co-factor for enzymes involved
in catabolism of sulfur amino
acids, purines and pyridines
4. Discussion
As expected, high-noble and noble alloys showed the least158
ion release over 15 days, whereas beryllium-containing Ni-159
based alloy released the maximum amount of ions from the160
materials tested. It is very difﬁcult to compare these results161
with other studies that used other alloys and different meth-162
ods because the number of elements released are signiﬁcantly163
affected by the alloy type [20] aswell as by the composition and164
the pH of the corrosion liquid [13,19]. In the present study, the165
amount of nickel released from beryllium-containing nickel-166
based alloy was very similar (4g/cm2/day approximately)167
to the amount found in other studies in which a beryllium-168
containing nickel-based alloy was immersed either in saline169
[12] or phosphate-buffered saline [14], but 20 times less than170
when this kind of alloy was immersed at pH 2.3 and saline171
[21]. The amount of nickel released from WC-Litecast, a non-172
beryllium-containing nickel-based alloy, was practically iden-173
tical (0.6g/cm2/day) to that observed by Denizoglu et al.174
[22], who used Meyer saliva at pH 4. Noble and high-noble175
alloys are in general much more resistant to corrosion and176
release a very low amount of zinc [14,23] as in the present177
study.178
The continuous ﬂow system allows one to mimic the char-179
acteristics of the oral cavity, with its constant secretion of180
saliva and periodic changes in salinity and acidity coincid-181
182
183
184
185
186
187
the metal surface by the ﬂow of saliva. In fact, the results 188
of the present study were similar to those of other authors 189
who used static systems [14,21,22]. Ion composition and pH of 190
the corrosive solution are of great signiﬁcance, especially for 191
nickel-based alloys [13,19,24]. Nevertheless, noble alloys and 192
especially high-noble alloys are not signiﬁcantly affected by 193
low pH [13] or by different electrolytes [11]. The release of ions 194
into cell culture medium from some high-noble, noble and 195
base-metal casting alloys was investigated over a period of 196
10 months [20]. Although higher initial rates were suspected, 197
theywere not veriﬁed andmetal ionswere constantly released 198
during this entire period. In appraisal of the safety of the 199
ion release compared with the tolerable upper daily intake 200
level, it is desirable to measure ion release in those situations 201
when rates can be high. If higher initial rates exist, the current 202
results for the ﬁrst 15 days correspond to this higher release. 203
One of the limitations of the present studywas that ion release 204
was only measured after 15 days; therefore, the daily release 205
proﬁle is unknown and the data refer to the average release 206
rate. 207
The physical properties and the biocompatibility of alloys 208
depend on their composition and microstructure. In gen- 209
eral, multiphasic alloys are more prone to corrosion than 210
monophasic alloys, due to a galvanic effect between areas of 211
different composition inside the alloy [23]. In fact, the same 212
alloy can show different susceptibility to corrosion in differ- 213
ent structural conditions created by heat treatment [25]. There 214
215
216
217
218
219Uing with meals. In general, an advantage of using a contin-uous ﬂow system is that the saturation limit is unlikely tooccur. In the case of ions released from dental alloys, although
there is no risk of reaching the saturation limit due to their
very low release levels, the concentration proﬁle could vary
because the dissolved material is removed continuously fromDENTAL 836 1–6
are many factors that may change the ﬁnal properties of the
alloys, such as heating and cooling processes during casting,
impurities [26] and the porcelain-fused-to-metal ﬁring proce-
dures. These may alter the surface oxides and corrosion prop-
erties of nickel–chromium alloys depending on their chemical
composition [27].
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In the present study, a beryllium-containing nickel-based220
alloy released the highest amount of nickel. The corrosion221
resistance of nickel–chromium alloys depends on the forma-222
tion of a thin layer of oxides on the metal surface, resulting223
from an initial corrosion, thereafter acting as a protective224
layer. This phenomenon, known as passivation, generates a225
characteristic curve of ion release, with a high initial release,226
which drops after a time [21]. Nevertheless, this passivation227
layer can be disrupted under various conditions, including228
bruxism [28]. Even in very lowproportions, beryllium is known229
to form a eutectic phase Ni–Cr–Be, which is susceptible to230
undergo a preferential corrosion, thereby releasing nickel and231
beryllium [21,29,30]. Nibon alloy had 15 times less corrosion232
thanWill-Ceram Litecast. This is probably because Nibon con-233
tains 18wt% chromium, which remains within the recom-234
mended range (16–27%) for reducing corrosive effects [31,32].235
Will-Ceram Litecast and Litecast B contain 15.2 and 12wt%236
chromium, respectively.237
In living systems some metals have biological functions.238
While iron is essential in relatively high concentrations, other239
elements, such as zinc, copper, nickel, cobalt, molybdenum240
and perhaps chromium are only essential in trace amounts,241
since at higher concentrations they are very toxic. Some met-242
als, such as mercury, lead, cadmium and uranium, have no243
clear biological function and are toxic even at very low levels244
[33].245
Even in the worst scenario, with all 32 teeth covered by246
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maximum daily release of aluminum would be about 23g, 280
in this case by Orcast®. Aluminum is ingested in amounts of 281
4–6mg every day in food and beverages. In certain circum- 282
stances, such as the use of aluminum-containing antacids, 283
some peoplemay ingest a thousand-fold greater amount than 284
the average daily consumption. Normally, however, the diges- 285
tive tract is an effective barrier against gastro-intestinal alu- 286
minum absorption, with most of what is ingested excreted 287
wholly unabsorbed in the feces [39]. 288
It is nevertheless difﬁcult to predict the clinical behavior of 289
an alloy from in vitro studies, since such factors as changes in 290
the quantity and quality of saliva, diet, oral hygiene, polishing 291
of the alloy [40], the amount and distribution of occlusal forces 292
[28], or brushingwith toothpaste can all inﬂuence corrosion to 293
varying degrees [14]. 294
5. Conclusions
Under the conditions of the present study, the average daily 295
release of ions from the alloys tested fell far below the tolerable 296
upper intake level recommended for each ion. 297
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ull metal crowns, the results remain far below the upper tol-
rable intake level for each ion, with the exception of nickel
eleased by nickel-based alloy containing beryllium Litecast
®,whichgives levels near to 50%of this threshold. Somestud-
es have suggested that non-sensitized persons can develop
tolerance to nickel through continual exposure to it at a
ucosal surface, such as the situation with dental braces
34]. A double-blind, placebo-controlled clinical study demon-
trated that oral nickel exposure elicits cutaneous nickel-
llergic reactions in nickel-sensitive individuals in a dose-
ependent manner [35]. It is not known whether a constant
elease in the oral cavity of minute amounts of nickel is harm-
ul or beneﬁcial to the patient. At the population level, oral
ntake of small amounts of nickelmay help reduce overall sen-
itivity to nickel prevalence in humans. At the individual level,
owever, once allergic contact dermatitis has been diagnosed,
reduced oral intake of nickel would be advisable in certain
ases [36].
In the worst-case scenario, 41g of beryllium a day would
e released fromLitecast B. The primary route of human expo-
ure to beryllium is inhalation of vapor or particles, an expo-
ure associated with increased incidence of lung cancer and a
umber of other diseases, from contact dermatitis to chronic
ranulomatous lung disease. Beryllium may also be ingested
n drinkingwater or contaminated foodstuffs but as only 1% of
ngested beryllium enters the bloodstream, this is not thought
o be a particularly dangerous mode of exposure. Beryllium
an also be inhaled and ingested from cigarette smoke or
an enter the body through cuts in the skin [37,38]. There-
ore, the ADA Council recommends that practitioners do not
se alloys containing beryllium in the fabrication of dental
rostheses, a precaution to protect not the patient, but the
ental technician. In the same hypothetical worst case, theDENTAL 836 1–6
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e f e r enc e s
[1] Wassell RW, Walls AW, Steele JG. Crowns and
extra-coronal restorations: materials selection. Br Dent J
2002;192:199–211.
[2] Wataha JC. Alloys for prosthodontic restorations. J Prosthet
Dent 2002;87:351–63.
[3] Geurtsen W. Biocompatibility of dental casting alloys. Crit
Rev Oral Biol Med 2002;13:71–84.
[4] Lygre H. Prosthodontic biomaterials and adverse reactions:
a critical review of the clinical and research literature.
Acta Odontol Scand 2002;60:1–9.
[5] Burrows D. Hypersensitivity to mercury, nickel and
chromium in relation to dental materials. Int Dent J
1986;36:30–4.
[6] Munksgaard EC. Toxicology versus allergy in restorative
dentistry. Adv Dent Res 1992;6:17–21.
[7] Craig RG, Hanks CT. Cytotoxicity of experimental casting
alloys evaluated by cell culture tests. J Dent Res
1990;69:1539–42.
[8] Institute of Medicine of the National Academies. Dietary
Reference Intake Tables: Elements Table.
http://www.iom.edu/ﬁle.asp?id=7294.
[9] Laurent F, Grosgogeat B, Reclaru L, Dalard F, Lissac M.
Comparison of corrosion behaviour in presence of oral
bacteria. Biomaterials 2001;22:2273–82.
[10] Taher NM, Al Jabab AS. Galvanic corrosion behavior of
implant suprastructure dental alloys. Dent Mater
2003;19:54–9.
[11] Sun D, Monaghan P, Brantley WA, Johnston WM.
Potentiodynamic polarization study of the in vitro
corrosion behavior of 3 high-palladium alloys and a
gold–palladium alloy in 5 media. J Prosthet Dent
2002;87:86–93.
ED
 P
RO
OF
6 dental mater ials x x x ( 2 0 0 5 ) xxx–xxx
[12] Wataha JC, Nelson SK, Lockwood PE. Elemental release334
from dental casting alloys into biological media with and335
without protein. Dent Mater 2001;17:409–14.336
[13] Wataha JC, Lockwood PE, Khajotia SS, Turner R. Effect of337
pH on element release from dental casting alloys. J338
Prosthet Dent 1998;80:691–8.339
[14] Wataha JC, Lockwood PE, Mettenburg D, Bouillaguet S.340
Toothbrushing causes elemental release from dental341
casting alloys over extended intervals. J Biomed Mater Res342
2003;65B:180–5.343
[15] Hsu HM, Huang GF, Chang HH, Wang YL, Guo MK. A344
continuous ﬂow system for assessing ﬂuoride345
release/uptake of ﬂuoride-containing restorative materials.346
Dent Mater 2004;20:740–9.347
[16] Carey CM, Spencer M, Gove RJ, Eichmiller FC. Fluoride348
release from a resin-modiﬁed glass-ionomer cement in a349
continuous-ﬂow system. Effect of pH. J Dent Res350
2003;82:829–32.351
[17] Meyer JM, Nally JN. Inﬂuence of artiﬁcial saliva on the352
corrosion of dental alloys. J Dent Res 1975;54:678–81.353
[18] Zaura E, ten Cate JM. Dental plaque as a bioﬁlm: a pilot354
study of the effects of nutrients on plaque pH and dentin355
demineralization. Caries Res 2004;38(Suppl. 1):9–15.356
[19] Covington JS, McBride MA, Slagle WF, Disney AL.357
Quantization of nickel and beryllium leakage from base358
metal casting alloys. J Prosthet Dent 1985;54:127–36.359
[20] Wataha JC, Lockwood PE. Release of elements from dental360
casting alloys into cell-culture medium over 10 months.361
Dent Mater 1998;14:158–63.362
[21] Geis-Gerstorfer J, Sauer KH, Passler K. Ion release from363
Ni–Cr–Mo and Co–Cr–Mo casting alloys. Int J Prosthodont364
365
366
367
368
369
370
371
372
373
374
375
376
[26] Black J. Orthopaedic biomaterials in research and practice. 377
New York: Churchill Livingstone; 1988. p. 163–7. 378
[27] Roach MD, Wolan JT, Parsell DE, Bumgardner JD. Use of 379
X-ray photoelectron spectroscopy and cyclic polarization 380
to evaluate the corrosion behavior of six nickel–chromium 381
alloys before and after porcelain-fused-to-metal ﬁring. J 382
Prosthet Dent 2000;84:623–34. 383
[28] Meletis EI, Gibbs CA, Lian K. New dynamic corrosion test 384
for dental materials. Dent Mater 1989;5:411–4. 385
[29] Lucas LC, Lemons JE. Biodegradation of restorative 386
metallic systems. Adv Dent Res 1992;6:32–7. 387
[30] Bumgardner JD, Lucas LC. Surface analysis of 388
nickel–chromium dental alloys. Dent Mater 1993;9:252–9. 389
[31] Muller AW, Maessen FJ, Davidson CL. Determination of the 390
corrosion rates of six dental NiCrMo alloys in an artiﬁcial 391
saliva by chemical analysis of the medium using ICP-AES. 392
Dent Mater 1990;6:63–8. 393
[32] Morris HF, Manz M, Stoffer W, Weir D. Casting alloys: the 394
materials and “the clinical effects”. Adv Dent Res 395
1992;6:28–31. 396
[33] Foulkes EC. Transport of toxic heavy metals across cell 397
membranes. Proc Soc Exp Biol Med 2000;223:234–40. 398
[34] Kerosuo H, Kullaa A, Kerosuo E, Kanerva L, 399
Hensten-Pettersen A. Nickel allergy in adolescents in 400
relation to orthodontic treatment and piercing of ears. Am 401
J Orthod Dentofacial Orthop 1996;109:148–54. 402
[35] Jensen CS, Menne T, Lisby S, Kristiansen J, Veien NK. 403
Experimental systemic contact dermatitis from nickel: a 404
dose–response study. Contact Dermat 2003;49:124–32. 405
[36] Draeger H, Wu X, Roelofs-Haarhuis K, Gleichmann E. 406
Nickel allergy versus nickel tolerance: can oral uptake of 407
408
409
410
411
412
413
414
415
416
417
418
419
420UN
CO
RR
EC
T
1991;4:152–8.
[22] Denizoglu S, Duymus ZY, Akyalcin S. Evaluation of ion
release from two base-metal alloys at various pH levels. J
Int Med Res 2004;32:33–8.
[23] Wataha JC, Craig RG, Hanks CT. The release of elements of
dental casting alloys into cell-culture medium. J Dent Res
1991;70:1014–8.
[24] Kedici SP, Aksut AA, Kilicarslan MA, Bayramoglu G,
Gokdemir K. Corrosion behaviour of dental metals and
alloys in different media. J Oral Rehabil 1998;25:800–8.
[25] Hero H, Valderhaug J, Jorgensen RB. Corrosion in vivo and
in vitro of a commercial NiCrBe alloy. Dent Mater
1987;3:125–30.DENTAL 836 1–6
nickel protect from sensitization? J Environ Monit
2004;6:146N–50N.
[37] ADA Council on Scientiﬁc Affairs. Proper use of
beryllium-containing alloys. J Am Dent Assoc
2003;134:476–8.
[38] National Toxicology Program. Beryllium and beryllium
compounds. Rep Carcinog 2002;10:31–3.
[39] Yokel RA, McNamara PJ. Aluminium toxicokinetics: an
updated minireview. Pharmacol Toxicol 2001;88:
159–67.
[40] Wataha JC, Craig RG, Hanks CT. The effects of cleaning on
the kinetics of in vitro metal release from dental casting
alloys. J Dent Res 1992;71:1417–22.
